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1* A photomicrograph of the epidermis explant after exposure 
to a temperature of 37°C. for 36 hrs. Note the expansion 
of the melanophores with over-lapping of the amoeboid 
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2. A photomicrograph of the same culture after exposure to a 
temperature of 12°C. for 36 hrs* Note the dot-like appear¬ 
ance of the cells. Most of the amoeboid processes have 
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3. A photomicrograph of an explant after exposure to a tem¬ 
perature of 37°C. for 36 hrs. Note that the melanophores 
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4* A photomicrograph of the same culture after exposure to a 
temperature of 12*C. for 36 hrs. Note the contraction of 
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5. A photomicrograph of an epidermal explant after exposure 
to a temperature of 37°C. for 36 hrs. Note the fully ex¬ 
panded condition of the melanophores....  18 
6. A photomicrograph^ the same culture after exposure to a 
temperature of 12 C. for 36 hrs. Note that the amoeboid 
processes are still visible in some cells while in others 
they have been withdrawn       18 
7. A photomicrograph of a culture after exposure to a tem¬ 
perature of 37*C. for 36 hrs. Note the fully expanded 




Many of the cold-blooded vertebrates possess the phenomenon of color 
change* According to investigators, such ast Parker (*06), Spaeth (*13), 
Holmes (*14), Cble (*22), Federighi (*34) and Robertson (*51), variations 
in skin color will occur with changes in temperature, intensity of illumi¬ 
nation, color of background, moisture conditions, state of excitement of 
the animal and other environmental factors* Most of these color changes 
are probably due to the activity of the dermal melanophores which are black 
pigment cells. In most amphibians they are numerous everywhere except on 
the ventral surface* In the light state the melanophores are discrete and 
dot-like, while in the dark state, melanin granules migrate into the long 
processes of the cells* The processes of adjacent cells overlap during ex¬ 
treme distal migration and the animal will have a more or less uniformly 
dark appearance* 
Many investigations have been made in an effort to ascertain the effects 
of certain stimuli on the contraction and expansion of melanophores* The 
general agreement is that a number of factors is involved in these phenomena. 
The purpose of this investigation was to isolate a single factor in order 
to determine its effect on the contraction and expansion of melanophores* 
Variation in temperature was selected and in vitro studies of the epidermis 
of the tadpoles of Rana pioiens were made. 
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CHAPTER II 
REVIEW OF LITERATURE 
In a number of experiments on the culture in vitro of tissues of the 
frog it has been found that several kinds of tissues show a marked out¬ 
growth after being kept for a few days in an appropriate mediun. Among 
these is epidermal tissue» 
Dushane ('31) explanted pieces of the neural fold from the trunk region 
of Amblvstoma punctatum. at stage 14, into Holtfréter*s solution. Thirty- 
seven expiants were made* Melanophores appeared in every explant within 
6 days» Prospective flank ectoderm was explanted in the same way. Melano¬ 
phores developed in only one explant out of 20. Dushane concluded that it 
was probable that» in this case, some ganglionic crest cells were included 
at the time of operation. Flank ectoderm and mesoderm explanted at older 
stages up to 32 gave negative results. When transplanted to the abdominal 
wall at stage 32 or older, melanophores invariably developed in the graft. 
He further concluded that melanophores originate from the neural crest and 
migrate into the flank mesenchyme at a later stage. 
Hooker (*15) studied the role of the nucleus and cytoplasm in melanin 
elaboration. Small pieces of mesenchyme and epithelium from Rana pipiens 
embryos three to 4 mm. long were implanted, in vitro, in the plasma of frogs 
of various species. Seventeen primary cultures were made and lived in good 
condition over periods of from three to 40 days. 
At first the cells were clear and translucent and without pigment gran¬ 
ules. They contained fat droplets which were scattered throughout the cyto¬ 
plasm and more or less centrally placed nuclei. Later a few small, spheri¬ 
cal, brownish granules became visible in the cytoplasm of the cells immedi- 
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ately adjacent to and around the nuclei. Their number gradually increased 
until they surrounded the nuclei. On their first appearance these melanin 
granules possessed all of the characteristics which are normal for them. 
Positive evidence of any increase in size of the individual particles of 
pigment was not observed. However, due to their minuteness, an accurate 
determination of any such change was difficult. 
Granules did not appear at any time inside the nuclear membrane or in 
the cytoplasm of the cell away from the nucleus. The region of production 
was limited to that zone of the cytoplasm which is in contact with the nu¬ 
cleus. There were no signs of the presence of colorless granules, which, 
by a process of pigmentation, could be transformed into the particles of 
melanin. The most careful search for any morphological structure within 
the cell that might serve as a pigment-trigger was unavailing. 
The number of granules increased each day. As their numbers increased, 
the granules remained concentrated in the center of the cell. The periphery 
of the cloud of densely packed granules became larger and farther away from 
the nucleus. The spread of the granules throughout the cell was gradual 
and accomplished by the slow separation of the individual elements of the 
dense cloud about the nucleus. At first only a few granules, widely sepa¬ 
rated from one another, detached themselves from the central mass and wan¬ 
dered among the oil droplets nearest to them. As this process of distribu¬ 
tion, accompanied by further production of new granules around the nucleus, 
continued more and more of the pigment particles spread toward the periphery 
in such a manner that the number of granules per unit area steadily decreased 
from within outward. The periphery of the cell always contained fewer gran¬ 
ules than the center until the final stage of melanin elaboration was readied. 
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At this time, the cytoplasm of the cell was filled to "saturation". Through 
this cloud of granules, the fat droplets and the nucleus were visible as 
clear, translucent areas free from pigment. The entire process was completed 
in a period of from 8 to 14 days. 
Parker ('06) investigated the influence of light and heat on the movement 
of melanophore pigment in the lizard Phrvnosoma blainvillei. The lizard was 
exposed to bright, but diffuse daylight in a room at 19°C. It was deep brown¬ 
ish, mottled with black and white. The head was brownigh-gray. After several 
hours of exposure it became distinctly lighter except on the ventral surface 
which remained unchanged. The head assuned a light yellowish-gray tint. 
He later tried the effect of temperature changes on the migration of the 
o 
pigment» At 15 C* in bright diffuse daylight the lateral scales had eery 
o 
pronounced dark centers, much as at 19 C. under similar illumination. These 
centers were partly, but not completely, lost when the animal was kept in 
o  
the dark at 15 C. As these centers usually disappeared completely at 19 C. 
in the dark, it was clear that a low temperature favored distal migration 
of the pigment. 
At 32°C. the animal, when in the dark, was light-colored and the lateral 
scales showed no trace of dark centers. Their tint was a clear ivory-white. 
From these observations, it is evident that both heat and light influenced 
the pigment migration in the skin of Phrvnosoma blainvillei. Since the ani¬ 
mals were dark-colored in a bright light at a high temperature and light- 
colored in the dark at a low temperature, it follows that between 15°C. and 
o 32 C. light or its absence was a more effective stimulus than heat or cold 
and in the main controlled the resulting color. 
Robertson (*51) studied factors which influence the state of dispersion 
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of the dermal melanophores in the rainbow trout* He placed trout in a tank 
and slowly raised the tenperature of the water. Raising the temperature of 
the water produced no alteration in the state of the melanophores of the 
o 
trout until a lethal level» which was 25 C., was reached* At this tempera¬ 
ture concentration occurred» but only shortly before death* On the other 
hand» melanophores of the dead fish kept in water or those of isolated skin 
strips in 0.9$ sodium chloride solution exhibited progressive shortening of 
0 o the time of concentration as the temperature was raised from 10 C, to 25 C* 
As the temperature of the solution increased the length of time for the be¬ 
ginning of the concentration of melanophores decreased* 
Spaeth (*15), in an attempt to study the effect of temperature on the 
chromatophores of fishes studied the scales of Fundulus heteroclltus. Scales 
from females 7 cm. in length were placed in a 0*1 M sodiun chloride solution 
until they were fully expanded* A number of these scales were removed to a 
three inch specimen bottle filled with a 0.1 M sodium chloride solution. 
This bottle was then closed with a one hole stopper, care being taken to 
eliminate every trace of air* A thermometer was inserted into the salt so¬ 
lution through the hole in the stopper and when the set-up was completed the 
bottle was without air bubbles* The bottle was then immersed in warm water 
o 
until the temperature of the salt solution had risen to 32 C. At this tem¬ 
perature all of the melanophores were completely contracted. The bottle was 
then removed to cold water until the thermometer registered 19 C. Before 
this temperature was reached, the melanophores had begun to expand, and at 
o 
19 C. this expansion was practically complete* This procedure was repeated 
10 times on the same set of scales and 10 distinct expansions and contrac¬ 
tions were observed. Sixteen hours after the last expansion the pigment of 
6 
the melanophores was still active* 
Spaeth concluded that since all central nervous system, and hence psy¬ 
chic influences were absent and there was no possibility of loss of oxygen 
in the salt solution, that the contraction of the melanophores at 32°C. 
must have been the result of a specific heat stimulus* 
A characteristic epithelial outgrowth is its extraordinary sensitiveness 
to slight stimulation. Holmes (*14) used epithelial expiants from adult 
frogs and found that by bringing the expiants from a cool place to the stage 
of the microscope, where the temperature was a few degrees higher, usually 
caused a retraction of some part of the margin of the epithelial outgrowth. 
The process of contraction was observed a great many times and usually hap¬ 
pened, to a certain extent, whenever the cultures were brought from a cool 
place for examination. He concluded that it was the transition to a warmer 
environment rather than the temperature per se that caused the contraction, 
because preparations kept at room temperature formed equally great exten¬ 
sions of the epithelium. In many cases the sheets of epithelium, which be* 
came contracted when exposed to a higher tenterature, subsequently extended 
again while the higher temperature remained unchanged. He also found that 
the application of an unfavorable degree of heat caused a contraction of the 
epithelium quite aside from the stimulating influence of a change of tempera¬ 
ture. Often the area of epithelium may be broken up into isolated masses of 
cells or even into individual cells* The influence of heat is very similar, 
therefore, in its effect on the blastomeres of a dividing egg. The cells or 
cell masses tend to become rounded up and inert. 
Federighi ('34) conducted an experiment in which he noted color changes 
in transplanted tadpole skin. The animals were narcotisized by immersion in 
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approximately 0.06# solution of chloretone in tap water. When activity 
ceased the animals were transferred to a 0.01# chloretone solution in which 
the operation took place. All operations were done with the aid of the dis¬ 
secting microscope. A square of skin approximately 4X6 mm. in size (accord¬ 
ing to the size of the tadpole) was lifted from the tail, floated on a clean 
coversllp, in order to be sure that there was complete disconnection from 
the nervous system, and replaced in its original position. At the conclusion 
of the operation the tadpole was immersed in 0.01# chloretone with the patch 
area lifted out of the liquid and kept from drying by covering the animal 
with a piece of filter paper the edges of which extended into the chloretone 
solution. The tadpoles were kept under these conditions for from one to 
three hours, during which time the patch attached itself to the underlying 
tissues. The animals were then placed in appropriately colored dishes. 
Twenty successful operations were performed. The activities of the melano- 
phores in the patches were studied and compared with those of the rest of 
the tail skin when the tadpoles were subjected to light and dark backgrounds. 
In every case the patch melanophores responded like the rest of the tail pig¬ 
ment cells. Thus, if immediately after operation, the animals were placed 
in a white dish all the melanophores (those in the patch and those in the 
parent skin) were punctate after 24 to 36 hrs. When animals with melano¬ 
phores in the punctate condition were placed in black dishes in diffused 
light, all of the melanophores became completely expanded after 24 to 36 hrs. 
and remained so as long as the individual was kept in the black dish. Trans¬ 
fer to a white dish again brought about a punctate condition, and this change 
could be made an indefinite number of times with the usual changes in melano- 
phore-condition. 
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Federighi concluded that expansion or contraction of the melanophores 
in these tadpoles required approximately 36 hrs. for completion. Exposure 
of the tadpoles to a 0.06% solution of chloretone in tap water for 3 hrs. 
had no effect on the melanophores. In autotransplants before nerve elements 
grew into the graft» the melanophores changed color like the rest of the skin. 
Cole ('22), in an experiment to detennine the local specificity of integ¬ 
ument, made transplants in tadpoles of Rana clamitans and Rana catesbeiana. 
The animals were placed in a 0.1% aqueous solution of chloretone which an¬ 
aesthetized them sufficiently for the operation within 6 to 15 min. The 
minimum time for anaesthetization was determined by two factors, size of the 
animal and temperature of the solution. As the temperature was increased 
the time decreased, but as the size of the animal increased the time increased. 
An incision with a perimeter of about 24 ram. was made in the integument where 
the transplant was to be placed. In some cases all of the integument within 
the incision was removed) in others, the integument was left within the in¬ 
cision. The transplants were taken from three regionst posterior part of the 
tail, middle of the back, and middle of the belly. Among the stock animals 
there was very little difference in pigmentation of the integument from day 
to day. All of them were brown in color and varied from a light to a very 
dark shade. The animals used in the experiments, however, often showed great 
differences, ranging from complete expansion to complete contraction of 
melanophores, depending upon the condition of the environment. It was found 
that independent of ordinary illumination, a low temperature caused an expan¬ 
sion of the melanophores. Animals, whose melanophores were maximally con- 
o 
traded, were put into water at a temperature of 0 C. and exposed to diffuse 
daylight. After 20 rain, the melanophores expanded slowly. At the end of 
two hours they exhibited one-third of their expansion and during a period of 
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from 36 to 48 hrs. expansion continued at a uniformly slow rate until maxi¬ 
mum expansion was reached* In this condition, the melanophores formed an 
intricate network of processes in which it was very difficult to distinguish 
the limits of the individual cells* 
As Cole expected, from the reaction of other animals, the melanophores 
of the frog tadpole contracted at high temperatures. Animals with maximally 
o expanded melanophores were put into water at 35 C. and kept in complete 
darkness* The melanophores were all contracted after an exposure of from 36 
to 48 hrs* The melanophores expanded after being replaced in darkness at 
room temperature. 
Cole concluded that the expansion of the dermal melanophores was caused 
byt low temperatures independent of illumination, darkness, a 0.1$ chlore- 
tone solution and the low metabolic rate of the animal. Contraction of der¬ 
mal melanophores was caused by» a high temperature independent of illunina- 
tion, light and a return to normal environmental conditions after the effects 
of chloretone* Contraction or expansion usually required about 36 hrs. for 
completion, although the reaction began within 20 min* after the initiation 
of the stimulus. When the metabolic rate was lowered expansion occurred; 
increased metabolic rate caused contraction* 
CHAPTER III 
MATERIALS AND METHODS 
Tadpoles for this investigation were secured from a local pond» placed 
in battery jars in the laboratory and fed bits of boiled lettuce leaves* 
The animals did not consume the lettuce leaves and commercial "Guppy food" 
was substituted* They were allowed to feed for one hour each day and the 
water was changed after each feeding* The animals appeared healthy and 
active. 
Adult frogs, Rana piplens, were obtained from the Carolina Biological 
Supply Company, Elon College, North Carolina* They were placed in a large 
tank which contained rocks of assorted sizes and enough water to cover the 
bottom. 
The adult Rana pjpiens were pithed and dissected in order to expose the 
upper chest cavity. The systemic arteries were located and arterial blood 
was drawn from them with a syringe. Sixteen frogs were used. The blood 
was centrifuged for 45 ndn. at 3000 revolutions per minute* The serum was 
removed and added to a two per cent solution of nutrient gelatin. Equal 
portions of serum and gelatin were used* The medium was autoclaved for one 
hour at 150°C. It was stored under refrigeration at 12 C. 
In order to obtain the best results and prevent bacterial growth, instro- 
ments and glassware used were dry sterilized at a temperature of 150°C. for 
one hour. All expiants were made under aseptic conditions. The tadpoles 
were placed in a Petri dish which contained a 0.06% solution of chloretone 
for narcotization. They remained in this solution for approximately one hour, 
or until activity ceased which depended upon the size of the animal. The nar- 
cotisized animals were removed to another Petri dish which contained a 0,06% 
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solution of chloretone in which the dissections were made. All dissections 
were made under the dissecting microscope. Pieces of skin were removed 
from the dorsal surface of each animal with forceps and fine scissors. It 
was cut into fine pieces of from one to three millimeters with a spear 
headed needle. The pieces were transferred to the culture medium which had 
been prepared on cover slips. In each case the medium was allowed to clot, 
the cover slip inverted over the well of a depression slide and sealed with 
o o 
paraffin. Twenty-five cultures were made and incubated at 37 C. and 12 C. 




Observations of stock tadpoles revealed that they were healthy and ate 
vigorously on a diet of commercial "Guppy food"* Narcotization in a 0.06$ 
chloretone solution had no effect on the contraction and expansion of melano- 
phores. 
The epidermis of the tadpole grew well in a mixture of equal parts of a 
two per cent nutrient gelatin solution and blood serum from the adult animal. 
However, when kept for several days in the same culture medium it was ob¬ 
served that the cells had a tendency to round ip. 
Reactions to variation in temperature were carefully observed under the 
microscope. It was observed that at 37°C. the melanophores formed a net 
work of expanded, amoeboid-like processes. It was difficult, in some cases, 
to distinguish the limits of the individual cells and the melanophores ap¬ 
peared as continuous black masses. In some cultures individual cells in the 
expanded condition were clearly observed. Photomicrographs of these condi¬ 
tions are shown in figures 1, 3, 5 and 7* When moved to a temperature of 
12°C. after 36 hrs., it was observed that contraction of the melanophores 
occurred. The amoeboid-like processes were no longer visible and the cells 
appeared as round black masses. Photomicrographs of this condition are 




Experimental results indicated that the epidermis of amphibian larvae 
grew well in a mixture of equal parts of a two per cent gelatin solution 
and blood serum from the adult frog* Results also revealed that when kept 
for several days in the same culture medium the epidermal cells had a ten¬ 
dency to roung up as was observed by Holmes ('14)* 
Federighi (*34) conducted an experiment in which he noted color changes 
in transplanted tadpole skin. The animals were narcotisized by immersion in 
a 0.06% solution of chloretone* He found that exposure to this solution for 
three hours had no adverse effect on the melanophores* This was also true 
in this investigation* 
o 
The elaboration of pigment was observed in the epidermal cells* At 12 C. 
o 
it appeared as round, black masses* At 37 C. the pigment had gradually 
spread throughout the entire cell which became stellate. This phenomenon 
was also observed by Hooker ('14) in an investigation using in vitro plasma 
cultures of frog epidermis* It is evident from both this investigation and 
Hooker’s that this phenomenon begins in the larval stage and persists in the 
adult frog* 
In this investigation the melanophores were expanded at 37 C. and con¬ 
tracted at 12°C. This investigator agrees with other investigators that the 
phenomenon of pigment change is the result of many environmental as well as 
physiological factors* There is however, a definite relationship between 
teiqperature and the contraction and expansion of melanophores* 
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CHAPTER VI 
SUMMARY AND CONCLUSIONS 
1* Epidermal tissue from the tadpoles of Rana piplens were explanted in 
unchanged media, incubated at 12°C. and 37°C. and photomicrographed 
at 36-hr. intervals in order to study their response to these tempera¬ 
tures in vitro» 
2» The epidermis from amphibian larvae grew well in a mixture of equal 
parts of a two percent nutrient gelatin solution and blood serum from 
the adult animal» 
3» Melanophores were unchanged when tadpoles were narcotisized in a 0.06% 
solution of chloretone» 
o 
4» Exposure of epidermal tissue to a 37 C» temperature caused an expansion 
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PLATE I 
(Explanation of Figures) 
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(Explanation of Figures) 
Fig. 1 
Fig. 2 
• A photomicrograph of the epidermis explant after exposure to a 
temperature of 37°C. for 36 hrs. Note the expansion of the 
melanophores with over-lapping of the amoeboid processes. X 100. 
• A photograph of the same culture after exposure to a temperature 
of 12°C. for 36 hrs. Note the dot-like appearance of the cells. 
Most of the amoeboid processes have been withdrawn. X 100. 

PLATE II 
(Explanation of Figures) 
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(Explanation of Figuros) 
Fig* 3* A photomicrograph of an explant after exposure to a temperature 
of 37*C. for 36 hrs. Note that the melanophores are not fully 
expanded, but amoeboid processes can be seen in some cells* 
X 100. 
Fig* 4* A photomicrograph of the same culture after exposure to a tempera¬ 
ture of 12°C* for 36 hrs* Note the contraction of the cells with 
no amoeboid processes visible* X 100* 

PLATE IIï 
(Explanation of Figures) 
18 
(Explanation of Figuras) 
Fig. 5. A photomicrograph of an epidermal explant after exposure to a 
temperature of 37°C. for 36 hrs. Note the fully expanded con* 
dition of the melanophores. X 100. 
Fig. 6. A photomicrograph of the same culture after exposure to a tern» 
perature of 12°C. for 36 hrs. Note that the amoeboid processes 
are still visible in some cells while in others they have been 
withdrawn. X 100, 

PLATE IV 
(Explanation of Figures) 
19 
(Explanation of Figures) 
Fig. 7. A photomicrograph of a culture after exposure to a temperature 
of 37#C. for 36 hrs. Note the fully expanded condition of the 
melanophores. X 100. 

